Abstract Hereditary cancer genetic counseling often focuses on medically intensive risk-reduction strategies, like imaging and risk-reducing surgeries. Lifestyle factors also influence cancer risk, but health behavior counseling is not common in genetic counseling. Information about typical lifestyle risk factors among patients seeking hereditary cancer risk is sparse. The current study describes cancer risk-relevant lifestyle factors for people who have had cancer genetic testing. Data came from the Health Information National Trends Survey (HINTS 4) collected in 2013. Analytic variables represented American Cancer Society nutrition and physical activity guidelines. Lifestyle factors were assessed for people who had undergone testing for BRCA1, BRCA2, or Lynch Syndrome genes. Among 3016 HINTS respondents, 135 had cancer genetic testing. Of these, 58 % were overweight or obese. Eighteen percent reported no moderate-intensity physical activity. Average sedentary screen-time was 3.4 h (SE = 0.472) daily. Sixty-three percent drank non-diet soda, and 23 % of these people drank soda every day. Between 18 and 36 % consumed less than 2 ½ cups fruits/vegetables daily. Twenty-four percent were current smokers. Lifestyle risk factors were not different between people who had genetic testing and those who had not. In conclusion, most people who had genetic testing for cancer susceptibility have at least one modifiable risk factor. Genetic counselors have opportunities to impact a counselee's cancer risk not only through risktailored medical procedures, but also through lifestyle modification recommendations. Results of the current study may foster a broader discussion of genetic counselors' roles in healthy lifestyle education.
Introduction
Mr. Atkins presents for genetic counseling because of a strong family history of colon cancer. As is standard with all her patients, the genetic counselor records Mr. Atkins's height and weight. She calculates his body mass index to be 32.4 kg/m 2 . She understands obesity is a significant risk factor for colon cancer. Should she talk with Mr. Atkins about this risk factor and counsel him on weight loss strategies? How prevalent is unhealthy lifestyle likely to be in her clinic?
Several lifestyle behaviors are well established cancer risk factors. Professional groups like the American Cancer Society (ACS) and the American Institute for Cancer Research recommend no smoking, limiting alcohol, minimizing sedentary lifestyle (including watching television) maintaining a healthy weight, exercising, and eating plenty of fruits and vegetables based on direct evidence for associated cancer risks with these behaviors (American Cancer Society 2015; American Institute for Cancer Research 2015; Lynch 2010; Schmid and Leitzmann 2014; Shen et al. 2014) . Some recommendations (e.g., limiting soda consumption) are not necessarily based on evidence of direct associations, but are nonetheless endorsed as factors likely to have important indirect associations (American Cancer Society 2015) . A recent large prospective study of postmenopausal women showed that adherence to ACS guidelines reduced breast cancer risk by 22 %, colon cancer risk by 52 %, and overall cancer risk by 17 % (Thomson et al. 2014) . The protective effect of healthy lifestyle does not appear to be limited to average-risk individuals.
Healthy lifestyle is likely to benefit people with hereditary cancer risk, too. The ACS trial found no differences in the protective effect for participants with family histories of cancer compared with those without (Thomson et al. 2014 ). Less evidence is available for people with specific hereditary cancer syndromes. Studies have consistently shown reduction in breast cancer incidence in BRCA1 and BRCA2 carriers who report more physical activity (King et al. 2003; Pijpe et al. 2010) . Among people with Lynch Syndrome, there is evidence for reduced cancer risk with fruit and vegetable consumption (Diergaarde et al. 2007 ) and increased risk with smoking (Watson et al. 2004) . Of interest, too, is whether people with hereditary cancer risk adhere to recommended lifestyle practices for cancer prevention.
A few studies have looked at lifestyle among cancer genetic counseling patients. Burton et al. (2010) asked patients coming for Lynch Syndrome genetic counseling to complete pre-appointment questionnaires about lifestyle. They found that patients who had no personal histories of cancer tended to have worse health behaviors. Risky lifestyle behaviors were also more common among men, those who were less educated, and younger patients. Overall, the proportion of participants with at least one risk factor (current smoking, >14 drinks per week, high-fat diet, and/or lack of fiber in the diet) was 88 % for unaffected patients and 80 % for patients who had cancer (Burton et al. 2010) . In another study of women coming for BRCA genetic counseling (63 % of whom had cancer), 8 % were current smokers, 27 % did not engage in at least moderate exercise, 46 % did not practice sun protective behaviors, 39 % did not eat at least five servings of fruits/ vegetables daily, and 9 % drank at least one alcoholic beverage daily (Emmons et al. 2000) . Risk factors were not different between women who had cancer and women who did not have cancer. A large study in Quebec of 640 women seeking genetic testing compared lifestyle with population-based data (Dorval et al. 2008) . Smoking rates were higher in the general population compared with women seeking testing. Among those seeking testing, exercise was more frequent among individuals categorized as having high-risk for hereditary cancer. Generally, these studies suggest patients with hereditary cancer risk may have additional lifestyle factors that contribute to their health concerns. However, the actual prevalence of risky behaviors varies significantly between studies, and the differences in study populations make it difficult to compare findings and to extrapolate results to the general population.
While acknowledging the important contribution these studies have made, they compose a relatively small body of evidence that is generally limited to investigations at single institutions, mostly of people who have sought specialty genetic counseling services. The current study tries to address these gaps by utilizing a nationally (United States) representative dataset that includes both individuals who have had genetic testing and those who have not. These data may provide an important foundation of knowledge regarding the prevalence of lifestyle behaviors that may significantly influence risk among individuals who have sought genetic testing. It is hoped that these analyses will contribute to a broader discussion about genetic counselors' role in addressing behavioral risk factors alongside counseling about the more traditional medically-intensive risk-reduction strategies like imaging and surgery.
Materials/Methods
Data for this study came from the Health Information National Trends Survey 4 -Cycle 3 (HINTS). Detailed information about HINTS, including the survey methodology, is on the HINTS website (hints.cancer.gov). HINTS is a National Cancer Institute program to study use of cancer-related information among the general U.S. population. Data from HINTS 4 were collected through English and Spanish mail surveys between September and December, 2013. Surveys were administered to three population strata -high minority concentration, low minority concentration, and counties in Central Appalachia. A pre-paid $2 incentive was included with the first mailing. Reminder postcards and up to two repeat mailings were sent to non-responders. The response rate overall was 35 %, ranging from 27 % (high-minority stratum) to 38 % (low-minority stratum). Sampling weights were used to optimize generalizability. Specifically, age, gender, education, marital status, race, ethnicity, and census region from the 2012 American Community Survey of the US Census Bureau were used to calibrate the data for population estimates. The HINTS data set used for this study is intended for public use.
Survey items came from standardized measures whenever these were available (e.g., Centers for Disease and Control Behavioral Risk Factor Surveillance System). Each variable was evaluated through cognitive interviews. The current study looked at survey items that correspond to recommendations from the ACS guidelines for nutrition and physical activity (American Cancer Society 2015). The relevant guidelines and corresponding survey items are given in Table 1 . These items assessed body mass index (BMI), frequency of physical activity of at least moderate intensity, sedentary leisure activity (i.e., screen time), fruit/vegetable consumption, frequency of drinking regular soda, and current smoking.
Not all of the ACS recommendations lend themselves to precisely quantifiable outcomes. One recommendation, for example, is to be Bas lean as possible,^and another is to Blimit sedentary behavior^. This hinders the ability to categorize participants as adherent or not. For each variable, however, an attempt was made to describe reported lifestyle behaviors in a way that distinguishes healthy from unhealthy behaviors. Also, the ACS recommends a combined intake of at least 2 ½ cups fruits and vegetables daily. Combined intake of fruits and vegetables could not be calculated directly from HINTS data because fruit intake and vegetable intake were assessed through separate survey items, and the response options were ranges (e.g., B1 to 2 cups^), rather than discrete amounts. Therefore, two estimates of combined fruit and vegetable consumption were calculated -one using the lower end of each range (e.g., assuming B1 cup^for the response B1 to 2 cups^), and another calculation assuming the upper end of each range (e.g., assuming B2 cups^for the response B1 to 2 cups^).
One of the HINTS survey items asks, BHave you ever had any of the following type(s) of genetic tests?^Among the possible responses are:
BRCA 1/2 testing: To determine if a person has more than an average chance of developing breast or ovarian cancer Lynch syndrome testing: To determine if a person has more than an average chance of developing colon cancer For the current study, a single variable was created to indicate whether a respondent selected at least one of these responses (i.e., had genetic testing for BRCA1/2 and/or Lynch syndrome).
In addition to these key variables, several demographic variables were assessed because of their previous associations with lifestyle risk factors and/or genetic testing (Burton et al. 2010; Hall and Olopade 2006; Mai et al. 2014; Thomson et al. 2014) . Specifically, age, gender, race, education, and income were examined as potential confounders.
Statistical Analyses
Publicly available data were downloaded from the HINTS website in a SAS dataset (hints4cycle3_public). All analyses were conducted using SAS 9.3 software, according to the Analytics Recommendations for HINTS 4 -Cycle 3 Data, June, 2014 (available from the HINTS website). Jackknife replicate weights were used to estimate all standard errors and to calculate P-values.
To describe lifestyle behaviors, the SURVEYMEANS and SURVEYFREQ procedures were used for the subset of respondents who reported having had genetic testing. Potential associations between having had testing and each In a typical week, how many days do you do any physical activity or exercise of at least moderate intensity, such as brisk walking, bicycling at a regular pace, and swimming at a regular pace?
On the days that you do any physical activity or exercise of at least moderate intensity, how long do you typically do these activities? (minutes or hours)
Limit sedentary behavior like screen-based entertainment.
Over the past 30 days, in your leisure time, how many hours per day, on average, did you sit and watch TV or movies, surf the web, or play computer games? Do not include Bactive gaming^such as Wii.
Eat at least 2 ½ cups fruits and vegetables daily. About how many cups of fruit (including 100 % pure fruit juice) do you eat or drink each day?
About how many cups of vegetables (including 100 % pure vegetable juice) do you eat or drink each day?
[None; ½ cup or less; ½ cup to 1 cup; 1 to 2 cups; 2 to 3 cups; 3 to 4 cups; 4 or more cups]
Limit intake of high-calorie drinks. Not counting any diet soda or pop, about how often do you drink regular soda or pop in a typical week?
[Every day; 5-6 days a week; 3-4 days a week; 1-2 days a week; Less often than 1 day a week; I don't drink any regular soda or pop] 
Results
Of 3185 total participants, information about genetic testing was available for 3016. Of these, 135 (4 %) reported having had genetic testing for BRCA or Lynch Syndrome. Table 2 gives demographic characteristics stratified by whether participants had previous genetic testing. The percent of female respondents was greater among those who reported having had genetic testing (69 % versus 50 %, P = 0.048). The distribution of household income was also different between respondents who had genetic testing compared with those who had not (P = 0.028). A greater proportion of people having had genetic testing had either very low or high incomes. Overall, about 80 % of respondents reported white race. Most (about 65 %) had at least some college education. There were no differences in race or education according to genetic testing status.
Lifestyle Risk Factors Among People Who Had Genetic Testing
Relevant risk factors related to lifestyle were body mass index (BMI), amount of physical activity, duration of sedentary leisure-time behavior, intake of fruits and vegetables, consumption of soda, and smoking. Average BMI among individuals having had genetic testing was 27.8 kg/m 2 (SE = 0.62). Most people (58 %) had BMI of at least 25 kg/m 2 , meaning they were overweight or obese. Eighteen percent of people reported no leisure-time activity of at least moderate intensity in a typical week. On average, respondents reported 3.4 h (SE = 0.47) of sedentary leisure screen-time activities per day (range 0 to 24 h). About two-thirds (63 %) reported drinking regular (non-diet) soda in a typical week. Of these, almost one-fourth (23 %) drank soda daily. If one conservatively assumes participants' actual fruit and vegetable consumption was at the high end of the range (e.g., actual consumption was 2 cups when a survey response was B1 to 2 cups^), 18 % of respondents consumed less than 2 ½ cups fruits/vegetables daily. If one assumes the low end of the range, 36 % of respondents consumed less than 2 ½ cups fruits/vegetables daily. Almost one-fourth (24 %) of respondents were current smokers. Frequencies of overweight, current smoking, no physical activity, and daily soda consumption are shown graphically in Fig. 1 . Fruit and vegetable consumption is shown in Fig. 2 .
Lifestyle Risk Factors Compared with People Who Did Not Have Genetic Testing
Having had genetic testing was examined for association with each lifestyle variable in separate logistic or linear regression models, controlling for gender and household income. Having had genetic testing was not significantly associated with any of the lifestyle variables (all P-values >0.05) ( Table 3) .
Discussion
The goals of this study were to describe lifestyle risk factors among individuals who had genetic testing using a nationally representative sample, and to see how these factors compare with people who have not had genetic testing. Results of this study show that a large proportion of people who have had cancer genetic testing have modifiable lifestyle risk factors.
The most prevalent risk factor was being overweight. More than half (58 %) had BMI greater than 25 kg/m 2 . The BMIs of those who had testing were not statistically different from people who had not had genetic testing, although there was a slightly lower prevalence of obesity in this study population compared with what was most recently reported by the Centers for Disease Control and Prevention (Ogden et al. 2014) . The high rate of overweight is especially relevant for patients who are concerned about cancer risk, because obesity is one of the leading risk factors for cancer death (Calle et al. 2003) . A significant number of individuals who have had genetic testing have other lifestyle risk factors that likely contribute to BMI, such as lack of physical activity, a lot of sedentary screen-time, and frequent consumption of sugary drinks. It is notable that somewhere between 18 and 36 % of individuals do not consume the recommended servings of fruits and vegetables. Evidence about the protective effect of specific types of fruits and vegetables is unclear for many of the common types of cancer relevant for genetic counseling, like breast cancer and colon cancer (American Cancer Society 2015). Still, eating fruits and vegetables is a cross-cutting prevention behavior, affecting risk for multiple common diseases besides cancer, such as heart disease and diabetes.
Besides obesity, tobacco use is a leading cause of cancer incidence and mortality. Evidence suggests at least half of the Between 18% and 36% consumed less than 2 ½ cups fruits and vegetables combined daily. population believes smoking is a significant cause of breast and colorectal cancers (Wang et al. 2010) . While the link between breast cancer and smoking is not established, there is consistent evidence of an association with colon cancer, and also pancreas cancer, which would be relevant for BRCA1 and BRCA2 carriers (U.S. Department of Health and Human Services 2014). Thus, it is notable that 24 % of people who had genetic testing for BRCA1, BRCA2, and/or Lynch Syndrome genes reported being current smokers, no different from individuals who did not have genetic testing. Taken together, these results indicate that cancer genetic counselors are likely to see patients with modifiable lifestyle factors. Seeking genetic testing for cancer risk does not necessarily mean that a patient has also made lifestyle changes to address her or his cancer risk. Despite the likely importance of lifestyle factors for individuals with hereditary cancer, clinicians and patients have been conflicted about whether genetic counseling should include discussion of lifestyle risk factors. Genetic counselors' scope of practice indicates that genetic counselors Bdiscuss the features, natural history, means of diagnosis, genetic and environmental factors, and management of risk for genetic/medical conditions and diseases^(emphasis added) (National Society of Genetic Counselors 2005). Practice recommendations specific for cancer include, BCancer screening and prevention options should be provided for the patient and at-risk relatives based on specifics of risk assessment and genetic testing^ (Riley et al. 2012) . This recommendation could arguably support lifestyle risk factor assessment and counseling. It is notable, however, that although the collection of personal medical history and environmental exposures is recommended, there is no explicit recommendation for cancer genetic counselors to ask patients questions about lifestyle risk factors such as nutrition, physical activity, and smoking. Rather, cancer risk-reduction counseling focuses on medically intensive strategies like breast MRIs, colonoscopies, chemoprevention, and riskreducing surgeries.
Several factors may contribute to reluctance of some genetic counselors to discuss lifestyle prevention behaviors. In a study of health providers, lack of evidence regarding risk reduction with lifestyle behaviors in high-risk individuals led to decreased enthusiasm about discussion of lifestyle issues during genetic counseling (Rees et al. 2006) . Furthermore, genetic counselors are not usually trained in persuasive (i.e., directive) behavioral counseling techniques, favoring instead non-directive approaches (Daly 2014; Weil et al. 2006) . However, some counseling techniques such as Motivational Interviewing have goals that significantly overlap with traditional genetic counseling goals, like promoting patient autonomy (Resnicow and McMaster 2012) . Other potential concerns include time, billing, and person-power constraints for adding yet another agenda item to the genetic counseling session. It is perhaps noteworthy, however, that these same concerns often apply to medically intensive interventions (e.g., mammography screening) that are routinely incorporated into genetic counseling practice.
This theoretical reluctance to talk with patients about lifestyle risk factors may be borne out in practice. A recent study involved videotaped genetic counseling sessions with 192 breast cancer risk counselees in a single Dutch genetics center (Albada et al. 2014) . Lifestyle factors were discussed with only 27 % of counselees during at least one of their appointments. Counselees initiated the discussion in most (60 %) of the cases. Most commonly smoking and diet were discussed compared with the more evidence-based risk factors for breast cancer (alcohol and exercise/BMI).
The high prevalence of modifiable lifestyle risk factors suggests cancer genetic counselors may have an untapped opportunity to help their patients. As the evidence base grows to support healthy lifestyles in people with hereditary risk, the argument for assessing and addressing lifestyle risk factors may be further supported.
Study Limitations
This study has limitations that are important to consider when interpreting results, and they also point to opportunities for future research. All data were self-reported and were not confirmed by external resources such as medical records. For example, it is unknown whether participants who said they had genetic testing actually did so. Results of any genetic testing are also unknown.
Test results certainly could have influenced lifestyle behaviors, although it is notable that the ACS recommendations would be applicable to everyone, regardless of genetic test results. It is also unknown whether patients had genetic testing through genetic counseling. Certainly hereditary cancer testing may be facilitated by nongenetic counselors, and this may lead to differences in pre-and post-test counseling that could influence health behaviors (e.g., Cragun et al. 2015; Vadaparampil et al. 2015) . It is also possible that lifestyle risk factors are different among patients who seek genetic testing through a genetic counselor rather than a non-genetics professional or direct-to-consumer testing company. As a secondary data analysis, this study is also limited by pre-determined questions that were not necessarily developed with the aims of this study in mind. This particularly hindered the ability to match reported lifestyle risk factors with recommended practices. Also, we were not able to assess many important lifestyle risk factors (e.g., alcohol, red meat consumption) because they were not included in the HINTS survey. These limitations notwithstanding, the current study improves upon previous related studies in the literature by utilizing a nationally representative sample with data collected from a rigorous systematic process.
Conclusion
A significant number of people who have had genetic testing have lifestyle risk factors that could be addressed by genetic counselors. The extent to which genetic counseling should address these factors is uncertain, and the dialogue should continue. Future areas of research may include exploration of different counseling techniques to promote healthy behaviors, like motivational interviewing, that would conform to the genetic counseling culture.
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